E pilEpsy is a highly prevalent disorder that is a major cause of morbidity in patients throughout the world. Nearly 1% of the population suffers from epilepsy, with an annual incidence of 50/100,000 people. 40 In 60%-70% of epilepsy patients, treatment with antiepileptic medications results in seizure remission. 40 The remaining patients, in whom symptoms are refractory to medications, currently have relatively limited alternative treatment options. Perhaps the most effective option in patients with medically refractory epilepsy is resective epilepsy surgery, which involves the excision of the epileptogenic region of the brain. In patients with well-defined epileptic zones, this can offer a high likelihood of excellent long-term seizure control.
pilEpsy is a highly prevalent disorder that is a major cause of morbidity in patients throughout the world. Nearly 1% of the population suffers from epilepsy, with an annual incidence of 50/100,000 people. 40 In 60%-70% of epilepsy patients, treatment with antiepileptic medications results in seizure remission. 40 The remaining patients, in whom symptoms are refractory to medications, currently have relatively limited alternative treatment options. Perhaps the most effective option in patients with medically refractory epilepsy is resective epilepsy surgery, which involves the excision of the epileptogenic region of the brain. In patients with well-defined epileptic zones, this can offer a high likelihood of excellent long-term seizure control. 12 In medically intractable patients in whom resection fails to control seizures, or for patients who are not appropriate candidates for surgery, there are a limited number of available palliative options. 21, 37, 43 Recently there has been resurgence in interest in the use of brain electrical stimulation for the treatment of patients in whom all else has failed. Multiple deep brain stimulation targets have been studied, including the cerebellum, hippocampus, subthalamic nucleus, caudate nucleus, centromedian nucleus, and anterior nucleus of the thalamus 39 ( Fig. 1) . Technology itself has also advanced, with the development of responsive cortical stimulation systems that are able to detect seizure activity in real time and deliver direct electrical stimulation to seizure foci in response. 33 In the past year, the results of 2 large randomized, controlled trials have been published: the SANTE (Stimulation of the Anterior Nucleus of Thalamus for Epilepsy) 17 and RNS cortical stimulation trials. 33 In the present article, we review the current and future applications of electrical stimulation for the treatment of epilepsy, including the recent results of the SANTE and RNS trials.
Vagus Nerve Stimulation
In 1997, the US FDA-approved left-sided VNS for the treatment of medically refractory partial epilepsy ( 
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The treatment of patients with refractory epilepsy has always been challenging. Despite the availability of multiple antiepileptic medications and surgical procedures with which to resect seizure foci, there is a subset of epilepsy patients for whom little can be done. Currently available treatment options for these unfortunate patients include vagus nerve stimulation, the ketogenic diet, and electric stimulation, both direct and indirect, of brain nuclei thought to be involved in epileptogenesis. Studies of electrical stimulation of the brain in epilepsy treatment date back to the early 20th century, beginning with research on cerebellar stimulation. The number of potential targets has increased over the years to include the hippocampus, subthalamic nucleus, caudate nucleus, centromedian nucleus, and anterior nucleus of the thalamus (ANT). Recently the results of a large randomized controlled trial, the electrical Stimulation of the Anterior Nucleus of Thalamus for Epilepsy (SANTE) trial, were published, demonstrating a significant reduction in mean seizure frequency with ANT stimulation. Soon after, in 2011, the results of a second randomized, controlled trial-the NeuroPace RNS trial-were published. The RNS trial examined closed-loop, responsive cortical stimulation of seizure foci in patients with refractory partial epilepsy, again finding significant reduction in seizure frequency. In the present review, the authors examine the modern history of electrical stimulation of the brain for the treatment of epilepsy and discuss the results of 2 important, recently published trials, the SANTE and RNS trials. prevalent method of stimulation to treat epilepsy, with more than 60,000 patients having received the implant. 15 It is presumed that stimulation of the vagus nerve results in alterations of activity in the brain, resulting in turn in a decrease in seizures. The mechanism of neuromodulation remains unclear, but it is thought that afferent signaling from the stimulated vagus nerve results in EEG desynchronization. 6, 22, 26 There have been 2 randomized double-blind trials demonstrating the efficacy of VNS. In 1994, Ben-Menachem et al. 2 enrolled 114 patients with medically refractory partial epilepsy into a multicenter trial of VNS. After implantation of the stimulator, patients were randomized to receive high-frequency (treatment) or low-frequency (sham) stimulation. Three months after surgery, the investigators found a significant seizure reduction of 25% in the treatment group compared with 6% in the sham group (p = 0.072). A second multicenter randomized blinded trial by Handforth et al. 21 similarly randomized 196 patients (age range 13-65 years) to high-and low-frequency stimulation groups and measured seizure frequency over a 3-month period. They found that patients in the high-stimulation group had an average 28% seizure burden reduction compared with a 15% reduction in the low-stimulation group (p = 0.04). Although the Class I evidence supports the use of VNS only in adults and adolescents with medically refractory partial epilepsy, a recent meta-analysis 16 of Class II and III clinical studies suggests similar efficacy in children (55% reduction in seizures), as well as benefit in patients with generalized epilepsy (58% reduction in seizures). The role of VNS in palliating seizure burden appears to be expanding, although further randomized, blinded, and controlled studies are needed to confirm its efficacy with broader applications.
Deep Brain Stimulation Targets for Treatment of Epilepsy

Cerebellum
Interest in stimulating the cerebellum for epilepsy treatment began in 1941, when Moruzzi, 34 followed by Cooke and Snider, 9 discovered that electrical stimulation of the cerebellum can modify or even halt cortically induced seizures. In 1955, Iwata and Snider 24 studied hippocampal epilepsy and similarly found that cerebellar stimulation resulted in termination of induced hippocampal seizures. These findings led to animal studies of cerebellar stimulation involving various animals, seizure induction methods, stimulation parameters, and electrode locations. However, these initial studies yielded mixed results, with seizure termination not achieved in several studies. 19 The results from these early studies, including the absence of significant adverse effects, led to additional research into cerebellar stimulation in patients with medically refractory epilepsy.
After numerous small clinical studies that produced promising results, 19 Van Buren et al. 45 performed the first double-blind crossover study of 5 patients with medically intractable seizures in whom electrodes were placed on the superior surface of the cerebellum. The patients had a variety of partial and generalized seizures, with focal and/or bilaterally synchronous epileptiform discharges on EEG. In the 15-21 months following implantation of the electrodes, seizure frequency was evaluated in the hospital during three or four 4-to 6-week hospital admissions, during which 7-day periods of alternating on-and-off stimulation were used. No significant differences in seizure frequency were found between intervals. Three of the 5 patients suffered postoperative CSF leakage from the wound. Following this study, Wright et al. 56 performed a double-blind study of 12 patients with medically intractable epilepsy of various origins and clinical patterns. Stimulators were placed on the upper surface of the cerebellum, 2 cm from the midline, through suboccipital bur holes. Patients were allocated to 1 of 3 phases, lasting 2 months each, for a total of 6 months: 1) continuous stimulation alternating from one cerebellar hemisphere to the other every minute, 2) stimulation of both cerebellar hemispheres when activated by the patient, and 3) no stimulation. Data were reported for 11 of the 12 patients, and no differences in seizure frequency or severity during the stimulation periods were noted. Complications included electrode migration in 25% of the cases, wound infection in 16.6%, and mechanical failure in 8.3%. The lack of positive findings from these 2 studies ran contrary to previous clinical studies and tempered enthusiasm for this treatment.
Following the important technological advances in brain stimulation technology since the early studies of cerebellar stimulation, including the introduction of DBS systems for various diseases, Velasco et al. 48 reevaluated cerebellar stimulation for epilepsy with a randomized double-blind pilot study in 2005. They studied 5 patients with medically intractable epilepsy in whom bilateral 4-contact plate electrodes were placed on the superomedial surface of the cerebellum through 2 suboccipital bur holes. Seizure frequency during the 3-month preimplantation phase was recorded, and postimplantation there was a 1-month sham period in which all stimulators were turned off. Thereafter, a 3-month double-blind trial began in which 3 patients received stimulation and 2 did not. After this period, seizure frequency was measured over a 6-month period during which all stimulators were turned on. Despite the small number of patients, the investigators found a significant reduction (p = 0.023) in generalized tonic-clonic and tonic seizure frequency. The 3 patients with stimulators turned on during the double-blind portion had a 33% reduction in seizures, compared with no change in seizure frequency in those patients with the stimulators off. During the 6-month stimulation-on period for all individuals, a mean 41% seizure rate reduction was reported. Complications included electrode migration in 3 patients (60%) and wound infection in 1 (20%).
The mechanism of antiepileptic effects of cerebellar stimulation remains unclear. Initially, it was proposed that stimulation of Purkinje cells resulted in inhibitory output from the cerebellum to the thalamocortical projections. However, histopathological study of cerebellar specimens in epilepsy patients have shown a decrease in Purkinje cell counts, 10, 45 and some animal studies have suggested that stimulation inhibits, rather than excites, the Purkinje cells adjacent to the electrodes. 13, 36 Despite conflicting results from the animal studies and clinical trials, there remains considerable interest in cerebellar stimulation for the treatment of medically intractable epilepsy pending further clarification of the more precise target of stimulation and the appropriate stimulator frequency. The results of the pilot study reported by Velasco et al. 46 indicate that further clinical studies involving larger number of patients may be warranted.
Hippocampus
Patients with medically intractable mesial TLE routinely undergo surgical workups to determine if they are appropriate candidates for anteromesial temporal lobectomy 14 or selective amygdalohippocampectomy. 54 However, patients with bilateral mesial TLE, or those with unilateral mesial TLE involving a dominant hippocampus that is essential for adequate memory function, may not be candidates for resection. Moreover, although resection in TLE has proven effective, not all patients experience full relief of seizure burden, and resection is associated with small, but not trivial, risk of a new neurological deficit.
14 For these reasons, there has been interest in targeting the hippocampus for stimulation to treat mesial TLE. The potential advantages of stimulation over anteromesial temporal lobe resection include the reversibility of stimulation, as well as a theoretically decreased risk of inducing memory, language, and visual deficits. The postulated mechanism for the effect of hippocampal stimulation re- Fig. 2 . Neck dissection illustrating a VNS system. There are 3 leads wrapped around the vagus nerve in a helical fashion that are connected to an implanted generator. The generator sends electrical activity to the leads that affect vagus nerve afferent fibers and, through an as-of-yet unknown mechanism, decreases the frequency of seizures in patients with partial-onset epilepsy.
mains unclear, but some have suggested that activation of the perforant pathways results in polysynaptic inhibition of the epileptogenic neurons residing in CA1-4. 50 Velasco et al. 50 have explored the use of hippocampal stimulation in the treatment of mesial TLE in patients in whom subdural or depth electrodes were implanted to determine seizure foci before a temporal lobectomy. In the study period of 2-3 weeks during which antiepileptic drugs were discontinued, the authors found that in 7 patients who received continuous stimulation of the hippocampal formation or gyrus, no clinical seizures were noted; furthermore, the number of interictal EEG spikes recorded from the hippocampal foci was overall decreased by 60% after 5-6 days. Further studies by Vonck et al., 53 and again by Velasco et al., 47 supported these findings. Tellez-Zenteno and colleagues 44 performed a small double-blinded randomized crossover trial in 4 patients with unilateral mesial TLE in whom resection was contraindicated due to risks to memory. In each patient, 1 electrode was placed along the longitudinal axis of the affected hippocampus, via a posterior bur hole. Patients underwent randomized 1-month on-or off-stimulation periods over 6 months, during which blinded investigators measured seizure frequency and performed neuropsychological testing. The investigators found that stimulation produced a median reduction of seizures of 15%, but this percentage did not reach significance in the study sample. There was no difference in secondary outcomes, with stimulation compared with no stimulation, in terms of quality of life, mood, and seizure severity. A second small, double-blind randomized crossover study of bilateral mesial TLE in just 2 patients 31 also failed to replicate the promising results of the earlier nonblinded clinical studies. In this study, bilateral electrodes were placed along the axis of the hippocampus. Following a 3-month baseline period, patients underwent randomized 3-month periods of receiving stimulation or not receiving stimulation while blinded investigators measured seizure frequency and neuropsychological outcomes. The investigators found a 33% reduction in seizures during the on-stimulation phase compared with the off phase.
Randomized controlled double-blind trials of a larger number of patients are needed to better clarify the role, if any, of hippocampal stimulation in the treatment of TLE. Currently, the METTLE (http://clinicaltrials.gov/ct2/show/ NCT00717431) and the CoRaStir (http://clinicaltrials.gov/ ct2/show/NCT00431457) randomized controlled trials are among the those underway to clarify the role of this treatment modality. 25 The METTLE trial is a multicenter parallel-group double-blind randomized controlled trial enrolling adults with uni-or bilateral mesial TLE, including those who may be candidates for resection and those who are not. These patients undergo hippocampal electrode implantation and are randomized to a stimulation or no-stimulation group. At the end of a 7-month follow-up period and outcome assessment, patients are then offered electrode removal, surgical therapy, or medical therapy based on best evidence. Primary and secondary outcomes will include seizure frequency, cognition, mood, and quality of life. The CoRaStir trial will randomize adults with TLE into 1 of 3 treatment arms: amygdalohippocampectomy, hippocampal electrode with stimulation, or hippocampal electrode without stimulation. Investigators will report outcomes in seizure frequency, neuropsychological testing, and quality of life. 25 
Subthalamic Nucleus
The role of the basal ganglia in epilepsy has been previously explored in a number of experiments. Injection of γ-butyric-acid agonists and lesioning of the substantia nigra suppress seizure activity in many animal models of epilepsy. 20 The STN has glutamatergic efferents to the substantia nigra and modulates its inhibitory output. This anatomical property, coupled with the growth of experience with STN DBS in diseases such as Parkinson disease, led Vercueil et al. 51 to perform STN DBS in a rat model of epilepsy. Bilateral high-frequency STN DBS was found to suppress ongoing spontaneous absence seizures in rats and suggested its clinical application in humans.
In 2001 Benabid et al. 3 were the first to report a series of 3 patients with medication refractory epilepsy who were implanted with STN DBS. One patient had focal cortical dysplasia, the second had myoclonic epilepsy, and the third (in whom surgical therapy failed) had bilateral frontal epilepsy. All 3 patients were reported to have significant reduction in seizure frequency with stimulation, 83% and 50% in the first 2 patients. The percentage of reduction in the third patient was not reported.
Since then several studies of patients have demonstrated mixed results from STN DBS for epilepsy. Chabardès et al. 5 reported a series of 5 patients with different epilepsy subtypes treated with STN stimulation. Three patients had partial seizures and had a 67%-80% reduction in seizure frequency, whereas the others, 1 with myoclonic epilepsy and 1 with Dravet syndrome, witnessed little to no improvement. In a recent series of 5 patients with refractory myoclonic epilepsy, 55 STN/substantia nigra DBS resulted in a 30%-100% reduction in seizure frequency in all patients. Interestingly, 4 of the 5 patients had an additional set of electrodes implanted in the ventral intermediate nucleus, but stimulation there failed to produce any therapeutic effect. The published clinical reports indicate that STN DBS may be a promising therapeutic target in patients with certain forms of epilepsy, but both larger series and more rigorous clinical trials are needed to determine the role of STN DBS in epilepsy.
Caudate Nucleus
The role of the caudate nucleus in modulation of seizure activity has been suggested by animal studies demonstrating reduced hippocampal spike frequency and amplitude with caudate stimulation. 28 In several series of patients reported by Sramka and associates 42 and Chkhenkeli and collaborators, 7, 8 stimulation of the caudate nucleus was performed for treatment-resistant epilepsy. In a 1997 study of 38 patients, Chkhenkeli and Chkhenkeli 7 showed that low-frequency stimulation (4-6 Hz) led to a decrease in interparoxysmal activity and focal discharges in the neocortical and medial temporal epileptic foci, as well as abrupt cessation of spreading and generalized discharges. Later, in 2004, Chkhenkeli and colleagues 8 showed that low-frequency caudate stimula-tion reduced the frequency of generalized, complex, and secondary generalized seizures and suppressed subclinical epileptic afterdischarges. More studies are needed to determine if the caudate nucleus represents a viable epilepsy DBS target.
Centromedian Nucleus
The CMN is thought to help regulate structures involved in the genesis of generalized seizures through widespread connections to various cortical areas including mesial temporal lobe structures. 32 In 1987 Velasco et al. 49 reported on a series of 5 patients with generalized or multifocal refractory seizures who underwent bilateral CMN DBS. They found a substantial reduction in the frequency of seizures, both clinically and on EEG. A follow-up study in 2006 46 of 13 patients with Lennox-Gastaut syndrome showed an overall seizure frequency reduction of 80% at 18 months postimplantation, significant functional improvement, and no reported side effects. The most severely affected patients seemed to respond the most to stimulation.
Fisher et al. 18 performed a double-blind crossover pilot study of CMN stimulation in 7 patients with intractable epilepsy. The patients underwent 3 month-long periods with or without stimulation and a 3-month washout period in between. There was a 30% mean reduction in frequency of generalized tonic-clonic seizures when the stimulator was on compared with a decrease of 8% when it was off. There were no reported treatment side effects. Treatment differences were not significant.
Anterior Nucleus of the Thalamus
The ANT represents an attractive stimulation target due to its widespread thalamocortical projections. Early studies in both animal models of epilepsy 27 and in humans with refractory epilepsy 35 had demonstrated that lesioning of the ANT can decrease seizure frequency and duration. It was not until after the advent of DBS that the first human ANT DBS for epilepsy study was published in 1980 by Cooper et al. 11 In 2002, Hodaie et al. 23 published the results of a series of 5 patients with medically refractory epilepsy who underwent bilateral ANT electrode placement. There was an overall mean seizure reduction of greater than 50%. However, the decrease in seizure frequency began immediately after electrode implantation and before stimulation began. It was therefore not clear whether the seizure reduction was due to the implantation of the electrodes themselves or because of stimulation or both. Subsequent published studies of small series of patients with ANT implants showed similar results. 1, 29, 30, 38 In 2010 the highly anticipated results of the SANTE trial were published. 17 The SANTE trial was the first large, multicenter, double-blind, randomized trial that examined the effects of ANT DBS in patients with intractable epilepsy. A total of 110 patients underwent bilateral electrode implantations in the ANT. One month after implantation, the patients were then randomized to either a stimulation group or a no-stimulation group for a 3-month "blinded" phase. This was followed by a 9-month open-label phase in which all patients had their stimulators turned on and stimulation parameters were optimized to minimize adverse events. Long-term followup was achieved in 99 patients at 13 months and 81 patients at 25 months. The primary outcome assessed was monthly seizure rate. Secondary outcomes included the Liverpool Seizure Severity Scale, Quality of Life in Epilepsy Scale, and neuropsychological assessment.
At the end of the 3-month blinded phase, there was a 40.4% decrease in median seizure frequency in the stimulated group compared with a 14.5% decrease in the control no-stimulation group (p = 0.0017). That the control group also had a decrease in seizure frequency is consistent with studies mentioned previously showing an implantation effect. This effect alone, however, does not explain the significant difference between the stimulation and control group and suggests stimulation did indeed have an effect. Interestingly, patients with seizures originating from one or both temporal lobes had a significant difference in median seizure reduction in the stimulation group compared with the control group (44.2% and 21.8%, respectively; p = 0.025), while patients with seizures originating from the frontal, parietal, or occipital lobe did not.
During the long-term follow-up there was a 41% decrease in median seizure frequency at 13 months and 56% decrease at 25 months. Fourteen patients were seizure free for at least 6 months during the entire study. Nine patients had an increase in median seizure frequency at 25 months. The most common adverse event was paresthesias, reported in 18.2% of participants, which tended to occur during the 1st month of implantation. Depression and memory impairment occurred in significantly more people in the stimulation group during the blinded phase (p = 0.0162 and 0.0316, respectively), although most were transient events and resolved during term follow-up.
The SANTE trial demonstrated the overall effectiveness of ANT stimulation as a palliative measure for reducing seizure frequency in patients in whom epilepsy is refractory to medical therapy. In addition, there were 14 patients who were seizure free for at least 6 months during the study period, indicating that some patients may benefit from ANT stimulation more than others. Further study of the optimal patient selection criteria for this promising procedure is indicated.
Responsive Stimulation
An important recent development in the ongoing development of brain stimulation as a viable therapy for epilepsy is the advent of "open loop" or responsive cortical stimulation. Traditional DBS involves the use of chronic, continuous stimulation of a target, so-called closedloop stimulation. Responsive stimulation first involves implantation of subdural or depth electrodes in a brain target area of interest (Fig. 3) . The electrodes are then connected to a small device implanted subcutaneously in the individual. Unlike traditional closed-loop systems, the electrodes have both a stimulation and detection function. Electrocorticographic activity at the target is continuously monitored and recorded by the implanted computer. When abnormal electrocorticographic activity is detected, electrical stimulation is delivered with the goal of dis-rupting the abnormal activity. Recently, a responsive cortical stimulation system (RNS System, NeuroPace) was studied in a large, multicenter, double-blind, randomized, controlled trial for patients with refractory partial-onset seizures, the results of which were published in 2011. 33 In 191 adults with refractory partial-onset seizures, either subdural or depth electrodes were implanted at 1 or 2 prespecified seizure foci. The patients were randomized 1 month later into either a sham-stimulation group or a treatment group. There was a 1-month, patient-blinded, postimplantation stimulation optimization period during which the treatment group, but not the sham group, had their stimulators turned on and optimized. Both groups then entered a 3-month blinded evaluation period, in which the treatment group underwent stimulation, but not the sham group. Patients in the sham group then had their stimulators turned on, and all participants entered an open-label period over 84 weeks. The primary end point studied was the difference in mean seizure frequency reduction between the treatment and sham groups compared with their baseline preimplantation seizure frequency. Multiple secondary end points were studied, including neuropsychiatric end points and quality of life measures.
During the 1st month after implantation, there was a decrease in mean seizure frequency in both the sham and treatment groups, similar to the effect seen in the SANTE trial that was attributed to an "implantation effect." 17 Because many patients in the RNS trial solely had subdural electrodes implanted, rather than depth electrodes, it is unlikely that this initial reduction in seizures, in the absence of stimulation, was due to a microlesioning effect. It is possible that there was an initial placebo effect, as the patients all knew they had electrodes implanted. Over the rest of the blinded evaluation period, a difference in seizure reduction in the treatment group compared with the sham group became more apparent, with the treatment group having 27% fewer days with seizures compared Fig. 3 . Illustration of a responsive or closed-loop stimulation system. Subdural or depth electrodes are implanted into or adjacent to seizure foci. The electrodes are connected to a neurostimulator implanted in the patient's skull. When electrical activity that heralds the onset of a seizure is detected, electrical stimulation is sent to the site of lead implantation, disrupting the abnormal electrical activity and preventing the seizure.
with just a 16% reduction in the sham group (p = 0.048). Over the entire blinded evaluation period, there was a 37.9% reduction in mean seizure frequency in the treatment group compared with a 17.3% reduction in the sham group (p = 0.012). Of 102 patients who were followed up at 2 years during the open-label period, 46% had at least a 50% reduction in their mean seizure frequency. Both sham and treatment groups had similar improvements in secondary outcome measures, including quality of life, at the end of the blinded evaluation period, possibly due to close follow-up and consistent epilepsy care or a placebo effect. However, the treatment group had greater improvements at 1 and 2 years into the open-label period in verbal functioning, visuospatial ability, and memory (p < 0.05). There were no significant differences in adverse events between the groups.
The responsive cortical stimulation trial represents a promising potential approach for the treatment of epilepsy and potentially for other disorders, such as Tourette syndrome, in which practitioners can simultaneously monitor and tailor stimulation parameters to modulate abnormal brain electrical activity. More study of the advantages and disadvantages of open-loop systems is needed.
Conclusions
Electrical stimulation of the brain in the treatment of epilepsy has progressed significantly over the past several decades. Important developments include the completion of rigorous clinical trials (Table 1) testing several different stimulation targets for epilepsy control, as well as advances in brain stimulation technology and hardware, including smart, open-loop systems that deliver stimulation in response to recorded pre-epileptic activity in an attempt to stop seizures before they occur, in real time. Published clinical trials of brain stimulation for epilepsy have been primarily restricted to the subset of patients with medication-refractory epilepsy that is also refractory to, or not deemed appropriate for, treatment with established epilepsy surgery techniques. While statistically significant reductions in seizures have been observed using several different stimulation techniques, including VNS, anterior thalamic stimulation, and RNS, this effect is currently only palliative and does not approach efficacy comparable with that seen with resection in appropriately selected patients. Nonetheless, current limits in the efficacy of antiepileptic medications and epilepsy surgery, combined with the substantial number of patients who continue to suffer from uncontrolled epilepsy, motivate epilepsy researchers to continue to explore brain stimulation as an alternative therapy. The promising results of the aforementioned studies on brain stimulation further drive interest in refining brain stimulation for epilepsy. More research is needed to determine optimal stimulation targets and techniques, as well as to determine which epilepsy patients may benefit the most from this technology.
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